T he standards that define facial beauty have evolved with time, culture, and societal influences. The ability to determine facial attractiveness is the result of an instinctive drive to obtain and retain desirable heritable traits 1 or simply a construct created by commercial and societal interests. 2 However, most attempts at rigorously quantifying facial beauty have failed because of its intrinsically subjective nature. 3 Quantitative approaches have focused largely on identifying geometric associations among facial features. Da Vinci and Durer distilled the classic canon and brought a quantitative approach to facial analysis with the development of stratagems, such as the rules of thirds and fifths. 4 Their work has heavily influenced the analysis of beauty and surgical procedures during the past 5 centuries. In addition, within the past 50 years alone, more than 2000 research publications have sought to sc ientific ally define and quantif y fac ial attractiveness. 5 Contemporary studies [6] [7] [8] [9] have investigated modifications of various linear facial measurements on digital images and evaluated the changes using specific computational scores to attempt to define associations between facial attractiveness scores and averageness, sexual dimorphism, and symmetry of the face. Despite the large number of studies 4, 5, [10] [11] [12] [13] [14] [15] [16] focused on rigorously quantifying metrics that define frontal or lateral facial attractiveness, no reports to our knowledge have examined whether a significant association between frontal and lateral facial attractiveness exists. Most psychometric beauty research relies on the proportions of facial landmarks in relation to each other. The 2 sides of the face should be reasonably symmetrical. It is therefore essential to determine whether an association exists between lateral and frontal attractiveness to understand how facial alterations can uniquely affect different facial perspectives. The goals of this study are to determine the association between frontal and lateral facial attractiveness and to identify key anatomical facial landmarks that may be responsible for a discordance between frontal and lateral facial attractiveness scores.
Methods

Photography and Study Population
Frontal and lateral digital images of 240 women 18 through 25 years of age were photographed and evaluated from September 30, 2004, to September 29, 2008. Data analysis was performed from December 6, 2016, to March 30, 2017. This study exclusively examined female faces; however, subsequent studies examining male faces are planned. Participants with obvious craniofacial deformities, such as cleft lip or cleft palate, were excluded. Photographs were taken with the women in repose with the face oriented in the Frankfort plane against a blue neutral background. Hair was pulled back to expose as much of the face as possible, including the ears and trichial line. Minimal makeup or cosmetics were permitted, and participants were asked to remove any facial piercings. Informed consent was not obtained because actual patient photographs were not used, and there was no financial compensation. All collected data in this study were deidentified. Using actual patient photographs would have required extensive written informed consent, likely deterring accrual of the sample. The facial portraits used in this study were approved by the institutional review board at the University of California, Irvine.
Image Morphing and Internet-Based Focus Group
A total of 120 synthetic facial portraits were created from the original 240 images using a morphing software (Morphman 2000, STOIK Imaging) as previously described. 10 The morphing software combines 2 source images to create a single realistic 50:50 synthetic image that is an average composition of the original 2 source images ( Figure 1A) . 17 The digital images were digitally modified for removal of any computergenerated artifacts using Adobe Photoshop (Adobe Systems Inc). Afterward, the total 240 frontal and lateral synthetic facial portraits were individually posted on an internet-based rating website (hotornot.com) (Figure 1 ) so the images could be rated and facial attractiveness scores obtained. The internetbased focus group used a Likert attractiveness scale of 1 to 10, with 1 being least attractive and 10 being most attractive. This unique method in rating scores was validated in a previous study 10 that found that the reliability of data obtained from online rating was acceptable to traditional focus group ratings.
Panel Evaluation
Paired outliers were analyzed by a panel of evaluators that consisted of board-certified facial plastic surgeons, otolaryngology residents, and medical students who were previously trained in facial analysis and authors with published work on facial attractiveness. Each paired outlier was displayed to the panel and evaluated for weak associations in facial features between frontal and lateral views. Evaluators were asked to identify key anatomical landmarks present in the frontal or lateral view but absent in the other respective view that appear to contribute to the discrepancy in scores. Attractiveness scores were omitted from projected images to minimize bias on evaluations. Facial features that were present in the frontal or lateral projections and not in the other respective view were identified in this manner and defined as discordant.
Statistical Analysis
After 600 ratings were accrued for each of the frontal and lateral images, numerical mean attractiveness scores were obtained. Histograms of frontal and lateral attractiveness scores were plotted, and the Shapiro-Wilk test was applied to test for
Key Points
Question Is there an association between frontal and lateral facial attractiveness?
Findings In this internet-based focus group study of images of 240 women, a strong, positive linear association between frontal and lateral facial attractiveness was found.
Meaning Knowledge of only frontal or lateral attractiveness may be necessary for determining the attractiveness of the other respective view.
normality of each data set. SPSS statistical software (IBM Corp) was used to create a scatterplot of frontal and lateral attractiveness scores. Simple linear regression and determination of line of best fit, 95% individual prediction interval, and correlation coefficient were then performed with SPSS software. Paired outliers were defined as attractiveness scores that fell outside the 95% individual prediction interval.
Results
For the 240 white women studied (mean [SD] age, 21.4 [2.2] years), the attractiveness scores ranged from 3.4 to 9.5 for frontal images and 3.3 to 9.4 for lateral images. The mean (SD) attractiveness score for frontal images was 6.9 (1.4), whereas the mean (SD) attractiveness score for lateral images was 6.4 (1.3). The distribution of frontal attractiveness scores appears to have a bimodal distribution with negative skew, and the lateral distribution also displayed a negative skew (Figure 2) . Overall, the paired 120 frontal and lateral images had a strong positive linear association with coefficient of determination r 2 = 0.749 ( Figure 3) . The Shapiro-Wilk statistics were 0.978 (P = .07) for frontal attractiveness and 0.981 (P = .13) for lateral attractiveness. There were 4 possible matrix outcomes for frontal and lateral pairs: attractive frontal and attractive lateral, unattractive frontal and unattractive lateral, unattractive frontal and attractive lateral, and attractive frontal and unattractive lateral (Figure 4) . Eight outlier pairs were identified and analyzed by panel evaluation. Panel evaluation revealed no overarching patterns between frontal and lateral images among outliers. However, among individual outlier pairs, evaluators identified asymmetrical features, long lower third, high hairline, protruding chin, thin upper lip, and dorsal nasal hump as features that may contribute to outlier frontal or lateral attractiveness scores.
Discussion
Society places a high value on facial attractiveness, and its relevance encompasses not only medicine but also the media, culture, and the arts. 11 In academia, the quantitative study of facial attractiveness has been ongoing for more than 50 years. 3 Although various facial features have been identified as important contributors to facial beauty, from our literature review, the association between frontal and lateral attractive- ness has not undergone any examination. A previous study 17 found that images with the highest attractiveness scores share the features of symmetry, oval-shaped faces, full lips, and small nonprominent noses. In our study, we determined that an association exists between frontal and lateral attractiveness scores and suggest key facial features that may result in a discordance between this association. Our most critical finding is the demonstration of a positive linear association (R = 0.865) between frontal and lateral facial attractiveness scores (Figure 3 ). The coefficient of determination (r 2 = 0.749)
indicates that 74.9% of the variation in frontal attractiveness scores is explained by lateral attractiveness scores. Although it is intuitive that there is an association between frontal and lateral facial attractiveness, our study is the first, to our knowledge, to quantify the degree of association. By quantifying this association, our results overcome the limitations of studies that investigate facial landmarks of only frontal or lateral views. Therefore, knowledge of only frontal or lateral attractiveness is necessary for determining the attractiveness of the other respective view. At present, there is no rubric or set of standards identifying discordant facial features. Our panel of evaluators examined the outlier pairs and identified facial features that may contribute to the difference between frontal and lateral attractiveness scores ( Figure 5 ). These features include asymmetrical features, long lower third, high hairline, protruding chin, thin upper lip, and dorsal nasal hump. Surgically altering these facial landmarks may increase facial harmony, symmetry, and attractiveness. Knowledge of such landmarks may also have great utility when evaluating the influence of surgical procedures that may produce significant changes in the frontal or lateral view and vice versa.
Limitations
A substantial limitation to facial attractiveness studies is the need for lengthy consent forms for the use of facial photographs from individuals. The image-morphing process addresses this limitation; however, it has limitations. Previous studies 7, 8 have found that the morphing process created more similar faces by taking the average of 2 face composites to form 1 synthetic image ( Figure 1A ), leading to higher attractiveness scores. In respect to this study, the morphing process created a synthetic image that removed most blemishes, increased the uniformity of skin texture, and increased the symmetry. 17 This artifact can be seen in the negative skewness in frontal and lateral attractiveness scores. Frontal attractiveness scores displayed a negatively skewed bimodal distribution with peaks from 7.0 to 7.9 and 5.0 to 5.9, and lateral attractiveness scores were normally distributed with a negative skew (Figure 2) . However, the Shapiro-Wilk test statistics were close to 1, with P > .05 found for both, suggesting that the frontal and lateral attractiveness scores still fall within a normal distribution. The bimodal distribution of lateral attractiveness scores suggests the presence of 2 separate normal distributions. It is possible that most raters in this study categorized lateral attractiveness into the 2 distinct prototypes of attractive and unattractive, leading to a bimodal distribution. Additional limitations of this study were encountered in evaluating specific facial features for discordance. Although we identified statistical outliers in terms of frontal and lateral attractiveness scores, additional studies will be necessary to truly quantify the influence of altering one view on the other. We also limited the study population to white women to minimize the confounding variables that race and sex may introduce; in addition, most studies in this academic domain use women of European heritage. Future studies by our group will investigate changes in attractiveness after correction of the discordant landmarks identified in this study.
Conclusions
Despite the large number of studies 4, 5, [10] [11] [12] [13] [14] [15] [16] focused on the rigorous quantification of metrics that define frontal or lateral facial attractiveness, no study to date has examined whether an association exists between frontal and lateral facial attractiveness. We present evidence to clarify the association between frontal and lateral facial attractiveness, and our results demonstrate a positive linear association between frontal and lateral facial attractiveness scores. Furthermore, specific facial landmarks responsible for the discordance between frontal and lateral facial attractiveness scores are suggested. Further investigation is necessary to quantify the change in facial harmony and attractiveness after correction of the facial features identified in this study. 
